Background
Acute severe alcoholism (ASA) is a disease caused by the ingestion of large amounts of alcohol. It can cause a variety of clinical manifestations involving many organs, which can induce behavioral, cardiac, gastrointestinal, pulmonary, neurological, and metabolic dysfunctions [1] . ASA is also a medical emergency that can be life-threatening due to respiratory depression and inhalation of vomit [2] . Despite laws, policies, and health education efforts seeking to control daily alcohol intake levels, ASA remains common in China and around the world.
The opioid antagonist naloxone is a derivative of oxymorphone. There are many reports about naloxone in the treatment of ASA. It can reduce the level of b-endorphin in the brain and help patients regain consciousness. However, it may have a harmful effect on the cardiovascular system [3] .
Recently, the mechanism of naloxone in ASA treatment has become increasingly clear [4] . Treatment with naloxone greatly helps in the recovery of patients by binding to reward-related regions of the brain [5] . Although it warrants further use in clinical therapy, naloxone is an antagonist of opioid receptors and plays a role in regulating cardiovascular and respiratory systems [6] . Naloxone does not produce secretions and it cannot effectively remove the metabolites of alcohol, leaving CO 2 and H + ions to be removed only by natural metabolism [7, 8] .
Hemodialysis is an important step of hemopurification, which removes metabolic waste through dialysate. Then, the purified blood is injected into the blood vessels [9] . It not only improve physiological and living qualities [10] , but also effectively prevents death induced by circulatory and respiratory failures [11] .
In the present study, patients in Group I received treatment with naloxone and hemodialysis, while patients in the control group (Group II) were only treated with naloxone. We compared these therapies to analyze the effect of hemodialysis on ASA and the effect of naloxone on ASA.
Material and Methods

Patients
We enrolled 70 ASA patients with an average age of 33.6±7.2 who were admitted to our hospital from January 2014 to December 2016. This research was approved by the Ethics Committee of Linyi City Yishui Central Hospital. All patients had ingested 400-700 ml of high-concentration alcohol. At an average of about 2 hours after the ingestion, they were admitted to our hospital.
Patients arrived in our hospital in unconscious state and many had vomited before becoming comatose. Physical examination demonstrated that all patients were in at least moderate-level coma, with Glasgow coma scale (GCS) score [12] lower than 8. Patients were breathing with snoring and apnea. They all had no reaction to painful stimuli, had slow pupillary light reflex, and lacked pathologic reflex. Alcohol concentration in the blood was more than 2500 mg/L and blood oxygen saturation was ³90%. Most patients did not have a history of hypertension or cardiovascular, liver, or kidney diseases.
Treatment for patients
All patients were automatically treated with naloxone or naloxone combined with hemodialysis. There were 36 patients who received naloxone combined with hemodialysis treatment (Group I) and 34 patients received naloxone treatment without hemodialysis (Group II).
All patients received basic treatment, including clean-out of vomitus, oxygen inhalation, warming, and fluid infusion. Patients in Group II were treated with 500 ml normal saline containing 0.2 mg naloxone and water-soluble vitamins and a 2000-ml glucose injection (5% glucose) by intravenous infusion and gastric mucosa-protective agents. In addition to these treatments, patients in Group I were also treated with hemodialysis. The initial velocity of the blood was 150 ml/min. If the vital signs of patients were improved 15 min later, the velocity was gradually increased to 500 ml/min for 3-4 h.
Clinical observation
Respiration, blood pressure, oxygen saturation, and heart rate were observed in real time during the treatment. After drug and hemodialysis treatments, consciousness recovery was observed and evaluated with GCS score, which helped us to estimate the treatment effects. The treatment was regarded as no effect at GCS <8 and significant treatment effect at GCS ³12. The details are shown in Table 1 .
We performed routine assessment of blood, urine, hepatic and renal functions, myocardial enzyme, arterial blood gas, and alanine amino transferase (ALT) before and after the treatments. Consciousness recovery time and complications after the treatments were also analyzed.
Statistical analysis
Statistical analysis was performed with SPSS 21.0. GCS scores, consciousness recovery time, and ALT level are shown as mean ± standard deviation and were analyzed using the t test.
Complications of ASA patients after the treatments were analyzed by chi-square test. There was a significant difference at P<0.05.
Results
Basic information
Patients were divided into 2 groups and were given different treatments. In Group I, 36 patients were treated with naloxone combined with hemodialysis, and 34 patients treated with naloxone were in Group II. Results of statistical analysis showed that there were no significant differences in age, sex, volume of alcohol ingested, or the time from intoxication to admission at our hospital between the 2 groups (P>0.05) ( Table 2) .
GCS score and clinical treatment effect
After clinical treatment, the treatment effects in the 2 groups were estimated by GCS score. As shown in Table 3 , mean GCS score in Group I was higher than that in Group II, with a significant difference (P<0.05). There were 21 patients with significant effect in Group I, which were more than in the control group (Group II). Moreover, the higher efficacy rate in Group I demonstrated that hemodialysis had a significant treatment effect (Table 3) . 
Symptoms improvement
After clinical treatment, all symptoms disappeared several hours later. However, there were also some differences between the 2 groups. The consciousness recovery time in Groups I and II were 3.0±0.8 h and 6.9±2.1 h, respectively, with a significant difference (P<0.05). After treatment, ALT level was remarkably changed, but there was no difference between the 2 groups before treatment (P=0.35). Nevertheless, ALT level in Group I after the treatment with naloxone and hemodialysis was lower than that in the control group after the treatment with naloxone, with a significant difference (P<0.05). This demonstrates that naloxone combined with hemodialysis can decrease ALT level and promote recovery of consciousness (Table 4) .
Complications after treatment
Common complications of ASA were myocardial injury, hepatic and renal function damages, and pneumonia [13] . In this research, there was no difference in myocardial injury between the 2 groups (P=0.69). The incidence of hepatic and renal function damages in Group I was lower than that in the control group, with a significant difference (P<0.05). In addition, 1 patient suffered from pneumonia in Group I, which was fewer than that in the control group, with a significant difference (P<0.05) ( Table 5 ).
Discussion
In the 19 th century, alcoholism started being regarded as a disease in the broader sense, as a physical and mental disorder [14] . The metabolic effects of alcohol include decreased synthesis of albumin, in addition to decreased serum concentration of magnesium, calcium, and phosphate [15] . Due to the direct or indirect toxic action of alcohol, it decreases the absorption of folic acid and the production of red blood cells [16, 17] . Metabolites of alcohol can act on opioid receptors in the cerebrum and regulate the brain condition from excitation to inhibition. Subsequently, the subcortical center, cerebellum, and vasoconstriction and respiratory center in the medulla oblongata are gradually damaged [18, 19] . Thus, removing of metabolites of alcohol is very important in ASA treatment. Naloxone can play a major role in improving a patient's condition [20] , but it has a limited ability to remove alcohol metabolites, which can be addressed with the use of hemodialysis.
In this research, patients in Group I were given hemodialysis treatment. Compared to the control group, GCS scores in Group I were significantly higher (P<0.05), which demonstrates that the treatment effect in Group I was better than that in the control group. Significant treatment effects were observed in 21 patients (58.33%) in Group I and 14 patients (41.18%) in Group II. Although there was no noticeable effect in 1 patient in Group I, he quickly recovered consciousness. Consciousness recovery time in Group I was 3.0±0.8 h, which was much shorter than in the control group. This might be related to the removing of alcohol metabolites. Hemodialysis can transfer alcohol metabolites to dialysate by ion-exchange, which can directly or indirectly influence the dopamine system and play a positive role in regulating the biological consequences of alcoholism [21] . 
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Moreover, ALT level in Group I after treatment was remarkably lower than that in Group II (P<0.05), and the complications, including pneumonia (P<0.05) and hepatic and renal function damages (P<0.05), in Group I were significantly lower than in Group II. Thus, the synergistic effect of naloxone combined with hemodialysis was fully demonstrated. The main function of hemodialysis was to remove ethanol and alcohol metabolites and correct the acid-base balance to stabilize the environment. Naloxone is a specific antagonist of endogenous opioid substances, which can play a role in the combination of b-endorphin and intracranial opioid receptors and reduce the level of b-endorphin [22] . The combination of naloxone and hemodialysis can effectively shorten the ethanol removal time and overturn the central inhibitory effect of ethanol to improve respiratory function and circulation, as well as speeding the recovery of consciousness and reducing the occurrence of complications [23] .
Conclusions
Our results show the significant therapeutic effect of naloxone combined with hemodialysis. Hemodialysis can remove alcohol metabolites and regulate water and electrolyte disturbances [24] , and naloxone can interrupt b-endorphin binding to opioid receptors [25] . The combination of naloxone and hemodialysis can effectively reduce central inhibition induced by alcohol, shorten the consciousness recovery time, improve respiratory and cardiovascular functions, decrease hepatic and renal function damages, and reduce the incidence of complications. Therefore, hemodialysis as an adjuvant therapy should be broadly applied in ASA treatment.
